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In many societies certain individuals play a central role in the execution of collective behaviours and group success, termed 'keystone individuals'. To date, most studies on keystone individuals have focused on their mere presence/absence and have failed to consider how their influence changes as a function of their condition or recent experiences. Here we explore how the influence of putative keystone individuals on group collective behaviour changes as a function of recent increases in cuticular bacterial load. In the spider Stegodyphus dumicola, individuals that exhibit the greatest 'boldness' are important determinants of colony foraging behaviour and success. We topically exposed individual spiders that varied in their boldness to a combination of naturally occurring cuticular bacteria (Bacillus thuringiensis, Microbacterium oxydans, Pantoea sp.) known to be harmful to S. dumicola, and then tracked the effects that this exposure had on their colonies' foraging and web-building behaviour. We found that colonies with unexposed keystones attacked prey more quickly and with more attackers than colonies in which the keystone was exposed to bacteria. Moreover, the relationship between keystone individuals' boldness and colonies' attack speed differed based on whether or not the keystone was recently exposed. The number of spiders that participated in nightly web building was greater in colonies containing unexposed keystones than in colonies lacking a keystone, whereas colonies containing recently exposed keystones deployed an intermediate number of individuals. This trend, however, disappeared after the second night of observation. Together, our results suggest that a group's collective behaviour can be altered based on a single individual's recent experience with microbes. © 2016 The Association for the Study of Animal Behaviour. Published by Elsevier Ltd. All rights reserved.
The collective behaviours of animal societies are more than just a stunning display of biological organization; they are also a key determinant of the success or collapse of societies across the animal kingdom. The transition from solitary living to multilevel sociality has been described as one of the great evolutionary transitions in biological organization, by allowing animal societies to perform feats that are unachievable by solitary individuals (Maynard Smith & Szathm ary, 1997). Although theorists have classically maintained an egalitarian view regarding the organization of collective behaviours for many animal societies, behaviourists are becoming increasingly aware of the role that certain key individuals play in the execution and performance of collective traits. These range from well-established examples like leaders in fish schools (Bumann & Krause, 1993) to lesser-known examples like tutors in bat roosts (Kn€ ornschild, Nagy, Metz, Mayer, & von Helversen, 2010) or knowledgeable matriarchs in elephant herds (McComb, Moss, Durant, Baker, & Sayialel, 2001) . These individuals that, in some instances, exert an inordinately large effect on the success of their social group have been termed 'keystone individuals' (henceforth referred to as 'keystones'), akin to the keystone species concept of community ecology (Modlmeier, Keiser, Watters, Sih, & Pruitt, 2014; Paine, 1969) .
There are myriad examples demonstrating how the presence of keystones can augment collective behaviours or enhance group productivity and survivorship (reviewed in Modlmeier, Keiser, et al., 2014) . However, circumstances also exist where the presence of key individuals can dampen collective behaviours or even incite the demise of the entire group. In fact, the term 'keystone individual' was first coined to describe a particular case of destructive keystones, where the presence of so-called 'hyperaggressive males' can depress the reproductive success of entire groups of water striders (Aquarius remiges: Chang & Sih, 2013; Sih & Watters, 2005) . A similar phenomenon had also previously been observed in yellow baboons, Papio cynocephalus (Alberts, Sapolsky, & Altmann, 1992) . Other examples exist where the collective
